The coupling of artificial materials and biological molecules is an interesting strategy in order to obtain specific and effective methods to detect signals in tumor cells and develop biological therapies in cancer treatment. A bioactive and ferrimagnetic glass ceramic (named SC45) was selected for the functionalization in this research. Two model biological molecules have been employed for the grafting: gallic acid (a phenolic acid known for its antioxidant, antibacterial and anticancer activities) and folic acid (a B group vitamin involved in cell growth and repair and often employed as cancer cell marker). Direct grafting to surface exposed hydroxyls group has been selected for gallic acid while silanization and carbodiimide activation has been used for folic acid coupling. XPS and FTIR techniques were adopted to evaluate the effect of surface modifications.
Introduction
The malignant tumours as one of the most critical problems of this century threaten tens of millions of people's life and health and raise great challenge to present medicine science. Effective and reliable techniques for diagnosis and therapy are the key tools for cancer prevention and treatment. Up to today, the main techniques used to treat tumours are surgery, radiotherapy and chemotherapy. In order to limit the collateral effects on patients, other strategies have been explored, such as biological therapies, which stimulate the body's immune system and hyperthermia, which involves the exposition of body's tissues to a controlled heat (41°C -46°C). The latest technique indicated that tumour cells are more sensitive to heat than healthy ones [1] [2] . The rapid and precise detection of tumour cells at the early development stage is another key factor of the problem management. The design of innovative smart biomaterials able to carry specific molecules is a versatile and promising opportunity for both cancer diagnosis and therapy. Ferrimagnetic glass-ceramics are promising candidates for this purpose. In fact their magnetic properties can be employed for both detection and treatment (localized heating by hysteresis loss when an alternating magnetic field is applied). Surface functionalization of ferrimagnetic glass-ceramics is a challenging strategy in order to prepare smart material for cancer diagnosis and therapy. In this research work two model molecules, namely folic acid and gallic acid, have been considered for potential applications in tumour cell detection and treatment respectively. The cancer cells can continue to grow and divide, compared with the normal cells, and can spread to other parts of the body. Whatever, the abnormal cells accumulate and form tumors that may compress, invade and destroy normal tissue. As a result of the rapid division, the tumour cell needs large amount of nutrients such as lipids, proteins and vitamins, compared with the normal cells. Among the nutrients, folic acid (widely known as vitamin B9), is a critical molecule involved in cell division, since it is needed for DNA synthesis. Moreover, the over expression of receptor of folic acid can be detected in several types of cancers in lung, colon, kidney and ovarian while in healthy human tissues the receptors just have limited distributions. Hence, folic acid can be used as an ideal molecule for tumour detection and treatment [3, 4] . Gallic acid is a biomolecule of vegetal origin assumed by humans in food and beverages as grape and tea. Due to its bio-activity (antioxidant, antiallergic, anticarcinogenic, anti mutagenic and antibacterial), gallic acid had drawn wide attention and great applications such as food additives, cosmetics [5, 6] . Nowadays, the anticancer properties of gallic acid are under investigation. In this paper surface grafting of folic acid and gallic acid to a bioactive and ferrimagnetic glass ceramic (henceforth: SC45) will be described. The aim of the research is the combination of detective and anticancer molecules with a synthetic materials, to obtain specific detection system and localized delivery ones.
Materials and Methods

Material preparation
The glass-ceramic material (named SC45) has been prepared by conventional melt and quenching technique (1550 for 30 min in air) [1] . Its weight composition is the following: 24.7 SiO 2 , 13.5 Na 2 O, 13.5 CaO, 3.3 P 2 O 5 , 14 FeO and 31 Fe 2 O 3 . A part of the melt was cast in a brass mould to obtain bars and another part was milled and sieved to powders, with the grain size below 20μm. The obtained bars were annealed at 60°C for 12h and then were cut in slices. Each slice was polished with SiC abrasive papers, up to 1200 grits.
Surface activation and silanization of SC45 bulks and powders
(Dicyclohexyl carbodiimide ≥99%, Sigma-Aldrich) has been added in equal amount to folic acid and dissolved for 2h under magnetic stirring. For each sample (both the bulk and powder samples) 5 ml of DMSO, 4.5 mg of folic acid and 4.5 mg of DCC have been employed. Silanization has been selected for folic acid grafting, so silanized samples have been soaked in the grafting solution for 2h at 25°C and then washed twice with double distilled water and let to dry under a laminar flow cabinet to avoid contaminations. All the sample holders have been covered with aluminum foils in order to prevent light irradiation of folic acid. After drying, bulk samples were packed in paper-PE bags and stored in dark for XPS analysis, while the powder samples were stored in bottles covered with aluminum foils until FTIR analysis. A detailed description of samples is reported in Table 1 .
Table 1: Names and characterization of the samples analysed
In order to expose the hydroxyls groups on SC45 surface, samples have been soaked in double-distilled water for 7 days at 37°C, as described in [2] . The SC45 powders and bulks were silanized in order to covalently graft folic acid on the surface. The same methods used for bioactive glasses on the basis of literature were applied. In brief, hydroxilated samples have been soaked in a solution containing 150 ml of ethanol and 35 μl of 3-aminopropyltriethoxysilane (H 2 N (CH 2 ) 3 Si(OC 2 H 5 ) 3 , APTES,99% Aldrich) and maintained for 6 h at room temperature. Then a thermal treatment for 1 h at 100°C was adopted to stabilize the silane-surface bonding. In order to remove the un-bounded molecules, samples have been washed in ethanol for 3 times and each time of 5 min with ultrasonic bath and dried again 1h at 100°C in a furnace.
Folic acid grafting on ferrimagnetic glassceramics
At first a solution of folic acid (Folic acid ≥ 97%, SigmaAldrich) in DMSO (Dymethyl sulfoxide ≥ 99%, ACS reagent, Sigma-Aldrich) has been prepared, then DCC
Gallic acid grafting on ferrimagnetic glassceramics
A 1 mg/ml of gallic acid solution has been prepared by dissolving 100 mg of gallic acid (gallic acid, Sigma Aldrich) in 100 ml double distilled water for about 2 h under magnetic stirring. For each sample 10 ml of the solution were employed. Direct grafting to surface exposed hydroxyls has been considered for GA attachment to SC-45, so SC45 (bulks and powders) after water pre-treatment have been soaked in gallic acid solution for 24 h at 37°C. In order to prevent the light irradiation of gallic acid (light-sensitive), all the holders were covered with aluminum foils. After 24 h, the gallic acid solution from each were removed to clean bottles respectively for UV analysis, while the powders and bulks were washed twice by double distilled water and dried in incubator for 12 h at 37°C. After that, the dried bulks were packaged in paper-PE bags and stored in dark for XPS analysis, while the powders were stored in bottles and kept in refrigerator for FTIR analysis. A detailed description of samples is reported in Table 1 . 
Surface analyses
Results and Discussion
FTIR analysis
FTIR spectroscopy was used as additional analysis in order to study surface modifications during the functionalization procedures. Fig.1 presents the spectra of pure gallic acid and folic acid used for the functionalization procedures. As for the gallic acid spectra (Fig.1a) , the typical polyphenolic characteristics were showed with the Fig.2 reports the comparison between FTIR spectra of pre-treated SC45 (Fig.2a) and silanized SC45 (Fig.2b) . The pre-treated SC45 powders present the typical signal for silica and iron oxides (928-1035 cm -1 ) and the broad absorption band characteristic of the exposed hydroxyl groups (3200-3500 cm -1 ). After silanization a moderate reduction of the -OH group signals can be observed with the appearance of signals at about 1553 cm -1 and 3230 cm -1 attributable to amino group of APTES molecule [7, 8] . These results confirm at first an effective hydroxyl exposition after the water pre-treatment on SC45. Moreover they evidence the effective bonding of silane molecules to the glass ceramic surface. FTIR measurements on gallic acid and folic acid grafted SC45 samples reports weak signals that can be hardly attributed to some characteristic groups of the biomolecules. It must be underlined that probably the amount of FA and GA on the surface is too small to be detected by FTIR analyses on the glass-ceramic surface.
XPS analysis
The atomic percentages of the elements have been recorded on sample surface at different steps of existence of a phenolic ring -OH stretching within the 3200-3550 cm -1 and -OH in plane bending at about 1322 cm -1 , an aromatic ring C=C stretching within 1450-1600 cm -1 , and C-O/C-C stretching vibrations within 1200-1300 cm -1 . Folic acid spectrum (Fig.1b) evidences the characteristic peaks of the molecule: the bands between 3600 and 3400 cm -1 are due to the hydroxyl (-OH) stretching bands of glutamic acid moiety and -NH group of PT ring. Peak at 1690 cm -1 is due to the vibration of C=O, while the peak at 1605 cm -1 relates to benzene ring.
functionalization process by XPS. Although a good cleaning degree can be obtained by washing, but a certain amount of unavoidable carbon contaminants still remain on the surfaces. After gallic acid and folic acid grafting on SC45 surface an increase in surface carbon content can be on the surfaces. After gallic acid and folic acid grafting on SC45 surface an increase in surface carbon content can be noticed, as a proof of the presence of organic molecules. It can be observed that in addition, that nitrogen nearly absent on PRE-SC45 surface appeared on all silanized samples can prove the expose of amino acid and be a first index of presence of FA on the surface as well. The detailed analyses of oxygen region confirm the presence of hydroxyls groups on the pre-treated samples.
The detailed analysis of carbon region has been performed in order to discriminate between the different sources of carbon. The comparison between the carbon region of different samples is reported in Fig.1 . Pre-treated SC-45 and silanized SC-45 present a monoenergetic signal at about 284.5 eV. It can be attributed to the C-C bond. As for the pre-treated sample (Fig.3a) this signal can be referred to hydrocarbon contaminations, always present onto material surface [9, 10] . Moreover C-C bonds are also present in the C-chain of the APTES molecule and justify the carbon increase and the monoenergetic signal for SC-45+sil sample (Fig.  3b) . Gallic acid grafted samples (Fig.3c) 
Conclusion
Surface functionalization of SC45 bulk and powder samples has been performed by the grafting of gallic acid and folic acid. At first hydroxyls groups have been effectively exposed on the glass ceramic surface by a water based pre-treatment and detected by FTIR and XPS analyses. Gallic acid has been directly grafted to surface -OH groups and its presence has been confirmed by XPS measurements. As for folic acid silanization and carbodiimide activation have been selected for the grafting. An effective binding of the amino-silane has signal observed in the oxygen region, that can be attributed to C-OH or C-O-C groups of gallic acid [11] [12] [13] [14] [15] [16] . Observing the detail spectra of carbon region for folic acid grafted samples (Fig.3d) , the peak shows a more complex structure. Three main contributions can be detected: one at 284.71 eV, analogous to the previously described for pre-SC-45 and SC-45+sil, attributable to surface contaminants and silane molecules, one at 286.39 and one at 287.89 eV that can be attributed to NHCO and COOH respectively, as described in the literature [17, 18] . These additional signals are in accordance to the ones observed by the authors' research group on folic acid grafted silica based layers [12] and are a confirmation of been confirmed by XPS and FTIR measurements. Folic acid grafting to silanized SC45 has been verified by XPS.
